
LFFECTS OF TIlERPfAL HYDROCRACKING ON THE 
COMPOUND-TYPE DlS1RlHiTlON I N  ATHABASCA BITlEIEI? 

A . E .  George,  R . C .  Bane r j ee ,  G.T. Smi l fy  ~ n d  I;. Sawatzky 

INTRODUCTION 

Upgrading Athabasca bi tumen r e q u i r e s  t h e  u s e  of p y r o l y t i c  p rocesses .  

i;ic c u r r e n t l y - u s e d  c o k i n g  p r o c e s s e s  a r e  w a s c e f u l ,  and a l t e r n a t i v e s  such a s  

t h e  the rma l  h y d r o c r a c k i n g  p r o c e s s  are  sough t  (1). T n i s  r e p o r t  d e a l s  w i t h  t h e  

nydrocarbon-type c o n v e r s i o n s  invo lved  i n  h y d r o c r a c k i n g  t h i s  a s p h a l t i c  

su lphurous  b i tumen ,  

F i v e  samples  of i iydrocracked b i tumen ,  s e l e c t e d  t o  r e p r e s e n t  i nc reas -  

i n g  s e v e r i t i e s  o f  t r e a t m e n t  as expres sed  i n  p i t c h  c o n v e r s i o n  t o  d i s t i l l a b l e  

f r a c t i o n s ,  were s u b j e c t e d  t o  a n a l y s i s  by l i q u i d - s o l i d  chromatography.  

A s c h e m a t i c  d i ag ram of t h e  p r o c e d u r e  and t h e  breakdown t o  compound 

t y p e s  is shown i n  F i g u r e  1. 

Ti1 ermal  Hydroc rack ing  

The h y d r o c r a c k i n g  p i l o t  p l a n t  and its o p e r a t i o n  have  b e e n  d e s c r i b e d  

i n  a p r e v i o u s  r e p o r t  (1). The r e a c t o r  is a v e r t i c a l  v e s s e l  t o  which the t o t a l  

Athabasca b i tumen  and hydrogen a r e  f e d  a t  t h e  bot tom. Any g a s e s  formed can 

escape  upwards immedia t e ly  and a re  removed i n  a s c r u b b e r  b e f o r e  t h e  hydrogen 

is r e c y c l e d  w i t h  t h e  f r e s h  make-up hydrogen  t o  t h e  r e a c t i o n  v e s s e l .  F i v e  

sarliples r e p r e s e n t i n g  i n c r e a s i n g  d e g r e e s  o f  hydroc rack ing  w e r e  s e l e c t e d  f o r  

i n v e s t i g a t i o n .  T h r e e  o f  t h e s e  samples  a r e  r e p r e s e n t a t i v e  of s t e a d y  s t a t e  con- 

d i t i o n s  of a l i q u i d  h o u r l y  s p a c e  v e l o c i t y  o f  2 ,  a f e e d  r a t e  o f  8000 grams per  

hour and t e m p e r a t u r e s  of 4 3 5 ,  445 and 4 5 5 O C  r e s p e c t i v e l y .  

ot i ier  two samples  were  ob ta ined  a t  a l i q u i d  h o u r l y  s p a c e  v e l o c i t y  of 1, a feed 

r a t e  o f  4090 grams p e r  hour  and t e m p e r a t u r e s  of 445 and 46OoC r e s p e c t i v e l y .  

MI t n e  samples  r e s u l t e d  from p r o c e s s i n g  a t  2000 p s i  o p e r a t i n g  p r e s s u r e  and a 

Lydrogen r e c y c l e  r a t e  of 1 . 5  cu f t / h r  a t  o p e r a t i n g  p r e s s u r e  and 2 5 O C .  

hydrogen p u r i t y  was 8 5 % .  ' h e  p roduc t  was s e p a r a t e d  i n t o  a l i g h t  and a heavy O i  

i n  a b o t  r e c e i v e r  v e s s e l .  

S i m i l a r l y ,  t h e  

Zie 

D i s t i l l a t i o n  

The l i g h t  o i l  was s e p a r a t e d  by  d i s t i l l a t i o n  (ASRI D216-54) t o  l i g h t  

SIC? heavy o i l  e x l s  b o i l i n g  below 200°C and t h e  f r a c t i o n  b o i l i n g  above  20OoC. 
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d i d  n o t  c o n t a i n  any l i g h t  ends b o i l i n g  below 200°C. 

above 524OC i s  d e f i n e d  as p i t c h .  

The d i s t i l l a t i o n  r e s i d u e  

- Deasphal t  i n g  

The a s p h a l t e n e  p o r t i o n  o f  t h e  heavy o i l  was p r e c i p i t a t e d  th rough  

t h e  a d d i t i o n  o f  twenty volumes of pen tane  t o  o n e  volume of o i l .  The 

a s p h a l t e n e s  w e r e  s e p a r a t e d  by f i l t r a t i o n ,  e x t r a c t e d  w i t n  pen tane  i n  a s o x h l e t  

e x t r a c t o r  and d r i e d  f i r s t  on a w a t e r  b a t h ,  t h e n  under  reduced p r e s s u r e  a t  5OoC. 

Tne main pen tane  s o l u b l e s  and wash ings  were  coinbined and n-pentane w a s  

comple t e ly  evapora t ed  from t h e s e  m a l t e n e s .  

Coiupound-Type S e p a r a t i o n  

T h e  l i g h t  ends d i s t i l l i n g  below 200°C were  ana lyzed  f o r  s a t u r a t e ,  

a romat i c  and o l e f i n i c  c o n t e n t s  on s i l i c a  g e l  u s i n g  t h e  f l u o r e s c e n t  i n d i c a t o r  

a d s o r p t i o n  method (ASTN D1319-70). 

Tne l i g h t  o i l  f r a c t i o n  b o i l i n g  above 2OO0C and t h e  d e a s p h a l t e d  

heavy o i l  (ma l t enes )  w e r e  s e p a r a t e d  i n t o  compound-type c o n c e n t r a t e s  o f  

s a t u r a t e s ,  monoaromatics ,  d i a r o m a t i c s ,  p o l y a r o m a t i c s ,  p o l a r  m a t e r i a l  and 

b a s i c  compounds i n  a dual-packed ( s i l i c a  g e l  and a lumina  g e l )  l i q u i d - s o l i d  

chromatographic  column deve loped  by  t h e  A P I  p r o j e c t  60  ( 2 ) ,  and mod i f i ed  i n  

o u r  l a b o r a t o r y  ( 3 ) .  The m o d i f i c a t i o n  c o n s i s t e d  of s c a l i n g  down t h e  o r i g i n a l  

p rocedure  by a f a c t o r  o f  10 and a p p l y i n g  p r e s s u r e  t o  i n c r e a s e  t h e  speed of 

s e p a r a t i o n .  The p o l y a r o m a t i c s  were e l u t e d  by benzene ;  t h e  p o l a r  m a t e r i a l  w a s  

e l u t e d  by a m i x t u r e  of p o l a r  s o l v e n t s  (metnyl  a l c o h o l ,  e t h y l  e t h e r  and benzene)  

~ i . 1  t h e  b a s i c  compounds w e r e  e l u t e d  by p y r i d i n e  a t  100°C ( F i g u r e  1). 

Tne number o f  moles  of t h e  v a r i o u s  t y p e s  o f  s t r u c t u r e s  w e r e  

determined u s i n g  a v e r a g e  m o l e c u l a r  w e i g n t s  t h a t  were  o b t a i n e d  by vapour  

p r e s s u r e  osmometry f o r  t h e  l i g h t  o i l  and heavy o i l .  'fie a v e r a g e  m o l e c u l a r  

v e i g i i t s  of t h e  l i g h t  o i l  f r a c t i o n  below 200°C were  de te rmined  from g a s  chromato- 

g r a p h i c  s imula t ed  d i s t i l l a t i o n  d a t a ,  assuming t h a t  t h e  m a t e r i a l  d i s t i l l i n g  when 

i , a l f  of t h e  s a m p l e  had d i s t i l l e d  r e p r e s e n t e d  t h e  a v e r a g e  m o l e c u l a r  w e i g h t .  

The a romat i c s  i n  t h e  l i g h t  ends  d i s t i l l i n g  below 200°C were assumed t o  b e  

mononuclear a r o m a t i c s  . 
Tne number o f  s u l p h u r - b e a r i n g  s t r u c t u r e s  i n  each  f r a c t i o n  was 

determined assuming t h a t  t h e r e  w a s  one  su lphur  atom p e r  i no lecu le .  The number 

o f  ~ ~ l p h u r - f r e e  s t r u c t u r e s  was t h e n  o b t a i n e d  by d i f f e r e n c e .  
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1hss S p e c t r o m e t r i c  A n a l y s e s  

A n a l y s e s  of t h e  a p p r o x i m a t e  c o m p o s i t i o n s  o f  t h e  c y c l i c  s a t u r a t e s  

were  performed on a C.E.C. 21-104 mass s p e c t r o m e t e r ,  o p e r a t e d  a t  an  i o n i z a t i o n  

p o t e n t i a l  of 70eV and u s i n g  e l e c t r i c  s c a n .  

RESULTS 

T,ie A t h a b a s c a  b i tumen is a heavy,  s u l p h u r o u s  o i l  w i t h  high a s p h a l t e n e  

and m e t a l  c o n t e n t s .  The c h v i c a l  n a t u r e  of i t s  hydrocarbons  i s  m o s t l y  a romat i c ,  

75% by w t ,  w i t h  a p r e v a l e n t  p o l y a r o i a t i c - p o l a r  c o m p o s i t i o n  of 70% of t h e  

a r o m a t i c s .  Tile p r o p e r t i e s  of t h e  b i tumen are g i v e n  i n  T a b l e  1. 

E f f e c t  of Thermal Hydrocracking  on t h e  Gross  Composi t ion  

I n c r e a s i n g  h y d r o c r a c k i n g  s e v e r i t y  c a u s e s  a s t e a d y  i n c r e a s e  i n  t h e  

amounts of l i g h t  o i l  ( T a b l e  2)  a t  t h e  expense  of t h e  heavy o i l  and a s p h a l t e n e  

c o n t e n t s .  llie a s p h a l t e n e  c o n t e n t  d i n i n i s h e s  from 15.37. i n  t h e  f e e d s t o c k  and 

13 .4% a t  435OC (LHSV-2) t o  2.72 a t  46OoC (LHSV-1). 

d e c r e a s e ,  c o n s i d e r i n g  t h a t  t h e  m o l e c u l a r  w e i g h t s  of t h e  t r e a t e d  a s p h a l t e n e s  

a l s o  d e c l i n e .  In t h e s e  c r a c k i n g  r e a c t i o n s ,  a s p h a l t t n e s  could  be formed as 

w e l l  as  d e s t r o y e d .  The p r e s e n c e  of hydrogen p r e s s u r e  would s u p p r e s s  a spha l t ene  

f o r m a t i o n .  The p e r c e n t a g e  of heavy o i l  i n  t h e  p r o d u c t  d e c r e a s e s  s t e a d i l y  t o  

54% of i t s  c o n t e n t  when t h e  s e v e r i t y  of t h e  o p e r a t i n g  t e m p e r a t u r e  was increased  

from 435OC (LHSV-2) t o  46OoC (LHSV-1). 

c o n s i d e r i n g  t h e  lower  m o l e c u l a r  weight  of t h e  p r o d u c t s .  

T h i s  i s  a n  a p p r e c i a b l e  

This e f f e c t  i s  even more pronounced 

The s e v e r i t y  of h y d r o c r a c k i n g  i s  more pronounced a t  t h e  lower l i q u i d  

h o u r l y  s p a c e  v e l o c i t y  d u e  t o  t h e  inc reased  r e s i d e n c e  t ime  of t h e  l i q u i d s  i n  

t h e  r e a c t o r .  A c o m p a r i s o n  of t h e  p i t c h  c o n v e r s i o n s  of t h e  two exper iments  a t  

445OC and s p a c e  v e l o c i t i e s  of 1 and 2 i s  g i v e n  i n  T a b i e  2 .  

E f f e c t  of T'nermal H y d r o c r a c k i n g  on  t h e  

Compound-Type D i s t r i b u t i o n  

Tne compound-type d i s t r i b u t i o n  on a weight  b a s i s  i s  shown i n  

T a b l e  3 .  The s u l p h u r  is i n c l u d e d  w i t h  t h e  a r o m a t i c  and p o l a r  t y p e s .  Tab le s  

4 and 5 show t h e  number of moles per  lOOg o f  b i t u m e n  f o r  t h e  hydrocarbons  and 

f o r  t h e  s u l p h u r  compoirnds r e s p e c t i v e l y .  
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S a t u r a t e d  Hydrocarbons:  

T'ne t o t a l  p e r c e n t a g e  of s a t u r a t e s  i n  t h e  l i q u i d  p r o d u c t s  of t h e  
L 1 -  WrLumen i n c r e a s e s  markedly w i t h  i n c r e a s i n g  s e v e r i t y  of hydroc rack ing ,  

p a r t i c u l a r l y  i n  t h e  l i g h t  ends .  Although t h e  s a t u r a t e  c o n t e n t  r ema ins  a l m o s t  

c o n s t a n t  i n  t h e  l i g h t  o i l  f r a c t i o n  above 2OO0C, t h e  i n c r e a s i n g  p e r c e n t a g e  of 

t h i s  f r a c t i o n  i n  t h e  t o t a l  product  i n c r e a s e s  t h e  t o t a l  s a t u r a t e  c o n t e n t .  

An approx ima te  mass s p e c t r o m e t r i c  r i n g  a n a l y s i s  o f  t h e  s a t u r a t e s  of 

t h e  Athabasca bi tumen shows t h a t  t h e y  a r e  m a i n l y  c y c l i c  w i t h  l i t t l e  o r  no  

a l i c y c l i c s .  About 90Z of t h e  c y c l i c  m a t e r i a l  is d i c y c l i c ,  t r i c y c l i c  and 

t e t r a c y c l i c  i n  e q u a l  p r o p o r t i o n s .  Wonocycl ics  are  a b s e n t ,  and p e n t a c y c l i c s  

O K  h i g h e r  r i n g  sys t ems  a r e  p r e s e n t  i n  o n l y  s m a l l  amounts .  The a l i c y c l i c  hydro- 

c a r b o n s  developed b e c a u s e  of hydroc rack ing .  The d i c y c l i c  and t r i c y c l i c  

sys t ems  p r e v a i l e d ,  fo l lowed  by t h e  monocyc i i c s ,  t h e n  t h e  t e t r a c y c l i c s ,  OK t h e  

r e v e r s e ,  depending o n  t h e  i n v e s t i g a t e d  b o i l i n g  r a n g e .  P e n t a c y c l i c  m o l e c u l e s  

d e c r e a s e d  t o  t r a c e  amounts ,  w h i l e  6-  and h i g h e r -  ring s t r u c t u r e s  d i s a p p e a r e d .  

The s a t u r a t e  c o n t e n t  i n c l u d e s  o l e f i n i c  hydroca rbons  r a n g i n g  i n  

t h e  l i g h t  o i l  

ixydrocracked p r o d u c t s  r e s p e c t i v e l y .  It r a n g e s  from 14 .6% t o  3.09 i n  t h e  

l i g h t  o i l  p roduc t s  above  200°C. 

below 200°C from 8.01 t o  5 .2% i n  t h e  l e a s t  and most s e v e r e l y  

Nononuclear  Aromatics:  

The monoaromatic c o n t e n t  of t h e  b i tumen  i n c r e a s e s  d r a s t i c a l l y  (175%) 

a t  t i l e  h i g h e s t  p i t c h  c o n v e r s i o n  r a t e  and abou t  h a l f  o f  t h i s  i n c r e a s e  t a k e s  

d a c e  a t  t h e  m i l d e s t  t r e a t m e n t  (Table  3 ) .  The number of a r o m a t i c  r i n g s ,  

however,  i n c r e a s e s  3 . 7  times (Table  4 ) ,  mos t ly  i n  t h e  form of benzene  s t r u c t u r e s  

i n  t i l e  l i g h t  o i l .  Benzene compounds a r e  v a l u a b l e  as chemica l  f e e d s t o c k s  and 

b e c a u s e  of t h e i r  combust ion c h a r a c t e r i s t i c s .  

The numbers of s u l p h u r  s t r u c t u r e s  i n  t h e  monoaromatic c o n c e n t r a t e ,  

m o s t l y  t h i o p n e n e s ,  d o u b l e  on t h e  m i l d e s t  t r e a t m e n t  and t h e n  remain a l m o s t  

c o n s t a n t  (Tab le  5). 

I i i nuc lea r  Aromat i c s :  _ _ _ _ ~ -  
T h i s  f r a c t i o n ' s  we igh t  p e r  c e n t  d e c r e a s e s  s l i g h t l y  on Liydrocracking 

(Tab le  3)  b u t  t h e  number o f  i t s  d i a r o m a t i c  r i n g s  d o u b l e s  (Tab le  4 ) .  The 

thcr:i ,ai  s t a b i l i t y  o f  t h e  a s s o c i a t e d  s u l p h u r  s t r u c t u r e s  a r e  i n d i c a t e d  by tneir 

s l i g h t  d e c r e a s e  (Tab le  5) w i t h  no ev idence  of f o r m a t i o n  from t h e  d e s t r u c t i o n  
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of  h ighe r  m o l e c u l a r  we igh t  components.  IJe h a v e  ev idence  ( 6 )  t h a t  most of 

t h e s e  s u l p h u r  compounds a r e  a l k y l  benzo th iophenes .  

Po lynuc lea r  Aromat i c s :  

The weigh t  pe r  c e n t  of t h i s  f r a c t i o n  d e c r e a s e s  by more t h a n  5 0 1  on 

h:ldrocracking, and 5 4 %  of t h i s  d e c r e a s e  o c c u r s  a t  t n e  l e a s t  s e v e r e  t r e a t m e n t  

(Table  3 ) .  However, t h e  number of t h e  po lya romat i c  s t r u c t u r e s  i n c r e a s e s  2 .75  

t imes in t h e  m i l d e s t  t r e a t m e n t ,  t h e n  g r a d u a l l y  t o  5 t imes a t  460°C (Table  4 ) .  

Kie a s s o c i a t e d  s u l p h u r  components a r e  u n s t a b l e  r e l a t i v e  t o  t h e  d i a r o m a t i c  

su lphur  s t r u c t u r e s  ( T a b l e  5)  and t h e y  d e c r e a s e  by  30% w i t h  t h e  m i l d e s t  treat- 

ment.  Th i s  p e r c e n t a g e  i n c r e a s e s  g r a d u a l l y  to 65% a t  46OoC. 

P o l a r  Components : 

Although t h i s  f r a c t i o n  d imin i shes  i n  we igh t  w i t h  hydroc rack ing  s i m i l a r  

t o  t h e  p o l y n u c l e a r  a r o m a t i c s  (Table  3 ) ,  t h e  number of t h e s e  p o l a r  s t r u c t u r e s  

i n c r e a s e  ( T a b l e  4 ) .  The j o i n . n g  s u l p h u r  s t r u c t u r e s  a r e  the rma l ly  u n s t a b l e  and 

:€crease t o  40% a t  46OoC (Tab le  5 ) .  

Bas i c  Compounds : 

?.lore t h a n  h a l f  of t h e s e  compounds a r e  des t royed  a t  t h e  m i l d e s t  

t r m p . r a t u r e ,  and only 15% remain  a t  46OOC. 

DISCUSSIOP; 

The i n c r e a s e  o f  t h e  s a t u r a t e d  : lydrocarbons c o n t e n t  is  caused by t h e  

c i e a v a g e  of a l i p h a t i c  components from t i le  a r o m a t i c ,  p o l a r  and a s p h a l t e n i c  

s t r u c t u r e s .  A t  t i le  m i l d e s t  t r e a t m e n t  t h i s  f r a c t i o n  a p p e a r s  t o  i n c r e a s e  m o s t l y  

a t  t h e  expellse of t h e  p o l y n u c l e a r  a r o m a t i c s  and t h e  p o l a r  m a t e r i a l s .  The 

OLher t y p e s  would a l s o  l o s e  p a r a E f i n i c  and c y c l i c  p o r t i o n s  t o  t h e  s a t u r a t e  

f r a c t i o n  and in t h e  meant ime r e c e i v e  t h e  same from t h e  h i g h e r  molecu la r  we igh t  

complex f r a c t i o n s .  'The s a t u r a t e d  hydroca rbons  c o u l d ,  t o  a l a r g e  e x t e n t ,  

r e p r e s e n t  c l e a v a g e  p r o d u c t s  from t h e  a s p i i a l t e n e s ,  e s p e c i a l l y  i n  t h e  l a s t  two 

t r e a t m e n t s .  Tne re  i s  a s t r o n g  r e l a t i o n s h i p  between tile r a t e  of a s p h a l t e n e  

d e s t r u c t i o n  and t h e  i n c r e a s e  i n  s a t u r a t e s  c o n t e n t  ( T a b l e s  1, 2 and F i g u r e  2 ) .  

The re  is a l s o  a r e l a t i o n s h i p  between t h e  mole i n c r e a s e  of t h e  

s u l p h u r - f r e e  monoaromatic  s t r u c t u r e s  (benzenes)  and t h e  d e g r e e  of n s p h a l t e n e s  
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co::Jcrsion ( F i g u r e  2 )  which s u g g e s t s  t h a t  t h e s e  benzenes are c l e a v e d  from t h e  

Complex a s p h a l t e n i c  s t r u c t u r e s .  However, t hey  cou ld  be g e n e r a t e d  by  t h e  

a r o m a t i z a t i o n  of c y c l o a l k a n e s .  

Aspha l t enes  a re  c o n s i d e r e d  t o  c o n s i s t  ma in ly  o f  l a r g e  s u b s t i t u t e d  

po lynuc lea r  a r o m a t i c  s t r u c t u r e s  ( h )  and t o  c o n t a i n  more h e t e r o a t o m s  t h a n  t h e  

o t h e r  bitumen f r a c t i o n s .  T h e r e f o r e ,  i t  would b e  expec ted  t h a t  t h e i r  c l e a v a g e  

d u r i n g  c r a c k i n g  shou ld  i n c r e a s e  t h e  p o l y n u c l e a r  a r o m a t i c  s t r u c t u r e s  as w e l l  

d S  t i le po la r  compounds. I h i l e  t h e r e  is a s t e a d y  i n c r e a s e  i n  t h e s e  f r a c t i o n s  

(Table  4 ) ,  t h e r e  i s  no d i r e c t  r e l a t i o n s h i p  between t h i s  i n c r e a s e  and t h e  ra te  

of a sp i i a l t ene  d e s t r u c t  i o n .  

The o n l y  compound t y p e s  t h a t  i n c r e a s e  i n  s u f f i c i e n t  q u a n t i t y  t o  

e x p l a i n  t h e  d i m i n i s h i n g  a s p h a l t e n e  c o n t e n t  i n  t h e  two most s e v e r e  t r e a t m e n t s  

;;e t h e  s a t u r a t e s  and t i l e  mononuclear  a r o m a t i c s .  S i n c e  i t  i s  n o t  p l a u s i b l e  

t o  assume t h a t  t h e  a s p b a l t e n e s  c o n s i s t  l a r g e l y  o f  benzene  strut t u r e s ,  a 

hydrogena t ion  s t e p  of the a s p h a l t e n e  c l u s t e r s  b e f o r e  unde rgo ing  c r a c k i n g  must 

b e  cons ide red  t o  e x p l a i n  t h e  i n c r e a s e  i n  monoaromatics .  

It i s  u n l i k e l y  t h a t  hydrogena t ion  consumes a p p r e c i a b l e  m o l e c u l a r  

hydrogen and t h e  major  consumption is p robab ly  d u e  t o  r e a c t i o n  w i t h  f r e e  

r a d i c a l s  formed on  c r a c k i n g ,  u n l e s s  some i n o r g a n i c  components i n  t h e  b i tumen  

ca:alyze hydrogena t ion .  P robab ly  t h e  h y d r o g e n a t i o n  o f  m o s t  of t h e  p o l y n u c l e a r  

a romat i c  c l u s t e r s  i n  t h e  a s p l i a l t e n e s  and some o f  t h e  p o l y n u c l e a r  a r o m a t i c  

f r a c t i o n s  occur  by hydrogen t r a n s f e r  r e a c t i o n s .  T e t r a l i n s  a r e  good hydrogen 

< d ; , d ~ ~  i n  t h e s e  r e a c t i o n s  b u t ,  i f  t h i s  i s  t h e  c a s e ,  t h e n  t h e r e  would b e  a n  

s p p r e c i a b l e  i n c r e a s e  i n  t h e  d i n u c l e e r  a r o m a t i c  s t r u c t u r e s  of t h e  p r o d u c t s  

where a s p h a l t e n e s  d e c r e a s e  s h a r p l y .  T h i s  was n o t  o b s e r v e d .  

It i s  known t h a t  cyc lohexanes  a r e  n o t  good hydrogen donors  b u t  

d e c a l i n s  a r e  ( 5 ) .  I f  t h e  a d d i t i o n  of one a l i p h a t i c  r i n g  t o  cyc lohexane  would 

i n c r e a s e  i t s  hydrogen-donat ing c a p a b i l i t y  g r e a t l y ,  t i len i t  c a n  b e  i n f . e r r e d  

t h a t  tile a d d i t i o n  of more s a t u r a t e d  r i n g s  would r e s u l t  i n  even b e t t e r  d o n o r s .  

Hie s a t u r a t e d  i iydrocarbons a r e  h i g h l y  c y c l i z e d  and t h u s  should be e f f e c t i v e  

iiydrogen donors .  For  t h e s e  r e a s o n s ,  i t  c a n  be aryued t h a t  t h e  l a r g e  complex 

s romat i c  c l u s t e r s  become hydrogena ted  d u r i n g  t n e  hydroc rack ing  r e a c t i o n s  by 

h;drogen r e s u l t i n g  from a r o m a t i z a t i o n  of s a t u r a t e d  s t r u c t u r e s  and t h a t  t h e  

irydrogenated s t r u c t u r e s  u n d e r ~ o  more e x t e n s i v e  c r a c k i n g .  Th i s  e x p l a i n s  t h e  

1.~rg.2 i n c r e a s e  i n  bo th  t ire benzene  s t r u c t u r e s  and s a t u r a t e d  hydroca rbons .  
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TABLE 1 

PROPERTIES OF ATHABASCA BITUMEN 

S p e c i f i c  Gravi ty ,  60/60°F 

Su lphur ,  w t %  

Ash, w t %  

V i s c o s i t y ,  e s t  a t  2 1 0 ' ~  

Conradson Carbon Res idue ,  w t %  

A s p h a l t e n e  ( p e n t a n e  i n s o l u b l e s ) ,  w t %  

Benzene I n s o l u b l e s ,  w t %  

Nicke l ,  ppm 

Vanadium, ppm 
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1.009 

4.63 

0.68 

152.2 

12 .8  

1 5 . 3  

0.9 

70.  

190. 
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